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1. 
Project Objectives 
The overall hypothesis of this project was that feeding management for growing dairy heifers will influence their feeding behaviour and the learning of this behaviour. Furthermore, we hypothesized that feeding practices which encourage the learning of specific feeding behaviours will also act to reduce growth and feed efficiency of growing heifers. 
To address these hypotheses, our specific objectives were to determine:

1) the effects of feed presentation type (i.e. component, TMR) on the feeding behaviour patterns and diet selection of growing heifers.

2) the long-term effects of providing feed as a TMR or as separate components on the feeding behaviour, diet selection behaviour, growth, and feed efficiency of growing heifers.

3) how long-term exposure to various feed presentation types influences the diet selection behaviour of growing heifers when they are switched to a novel diet and if this behaviour changes over time as they acclimate to the new diet.
2.
Activities and Progress over the duration of the project
List all milestones, as set out in the original project proposal or in approved revisions. Indicate which milestones have been met and which have not been met and why.  Please use format below. (Note: Table cells expand when text exceeds space shown). 
	List

Milestones
	Target 

Completion Date
	Actual 

Completion Date
	Explanation 

	Complete Experiment 1 to determine the effects of feed presentation type on the feeding behaviour patterns and diet selection of growing heifers.
	August 2008
	August 2008
	The first study of this research project was completed by the end of summer 2008.

	Analyze data from Experiment 1, write associated manuscript, and have manuscript published in a refereed scientific journal.
	November 2008
	November 2008
	The results from Experiment 1 were analyzed and were written up in a manuscript that was published in the Journal of Dairy Science.

	Complete Part A of Experiment 2 to determine the long-term effects of providing feed as a TMR or as separate components on the feeding behaviour, diet selection behaviour, growth, and feed efficiency of growing heifers.
	March 2009
	March 2009
	This part of the second experiment was completed by the end of last winter.

	Analyze data from Part A of Experiment 2, write associated manuscript, and have manuscript published in a refereed scientific journal.
	November 2009
	December 2009
	The manuscript associated with this part of the study was accepted and published in the Journal of Dairy Science.

	Complete Part B of Experiment 2 to determine how long-term exposure to various feed presentation types influences the diet selection behaviour of growing heifers when they are switched to a novel diet and if this behaviour changes over time.
	June 2009
	June 2009
	This part of the project was completed early last summer.

	Analyze data from Part B  of Experiment 2, write associated manuscript, and have manuscript published in a refereed scientific journal.
	February 2010
	February 2010
	The manuscript associated with this part of the study accepted for publication in the Journal of Dairy Science and is currently in press.


3. 
Financial Report over the Duration of the Project 
Budget template was submitted providing description of partner contributions and Research Station use.

4.
Results and Conclusions of the Project/Abstract 
Objective 1: To determine the effects of feed presentation type (i.e. component, TMR) on the feeding behaviour patterns and diet selection of growing heifers.


To address this objective, Experiment 1 was conducted at the University of British Columbia Dairy Education and Research Centre (Agassiz, BC). Six prepubescent Holstein heifers (158.2 ( 4.0 days old, weighing 168.2 ( 15.7 kg), fed once per day for 1.0 kg/d of growth, were subjected to each of 3 treatments in 3 successive 7-d treatment periods using a replicated 3x3 Latin square design. Treatments consisted of feeding 2.02 kg/d DM of grain concentrate and ad libitum chopped grass hay as a: 1) choice (grain concentrate and hay in separate feed bins), 2) top-dressed ration (grain concentrate placed on top of the hay in one feed bin), and 3) total mixed ration (TMR; grain concentrate mixed with hay in one feed bin).  There was no difference in dry matter intake (DMI) between treatments. The sorting for short particles on both the top-dressed and TMR treatments was expected given that the short fraction was largely made up by grain concentrate. The greater degree of sorting for short particles when fed the top-dressed ration provides further evidence that heifers were able to consume a large proportion of the concentrate apart from the hay. The diurnal pattern of DMI showed reduced DMI of the heifers on the TMR ration during the period of peak feeding activity and consistently higher DMI during the rest of the daylight hours compared with the other 2 treatments. This change in feeding behaviour pattern, along with the sorting data, suggests that heifers consuming the TMR were unable to discriminate as easily and thus consumed a ration closer to that initially designed for them, resulting in a more balanced intake of nutrients over the course of the day. Interestingly, DMI was similar during the first 2 h following feed delivery on the choice and top-dressed diets. From the consumption pattern data, it is clear that heifers preferentially consumed the grain concentrate prior to consuming the hay on the choice and top-dressed treatments. Given these consumption patterns and that a fixed amount of concentrate was fed to the heifers, the proportion of concentrate and hay consumed would have been similar between these treatments. 

Lower feeding times on the choice treatment across the day reflected the 30% increase in consumption rate across the compared with other treatments. This higher consumption rate on the choice treatment was largely due to the dramatically higher rate of intake of the concentrate. Even though the average rate of DMI of the top-dressed ration was similar to that of the TMR there were differences across the day. A tendency for a treatment by hour reflects the higher rate of intake of the top-dressed ration compared with the TMR during the period of peak feeding activity following feed delivery as well as at midday. The high concentrate consumption rate raises concern on rumen fermentation patterns given that less saliva is produced per unit of feed consumed for concentrate compared with forages or TMR. Alternatively, the higher average frequency of small meals by the heifers on the choice treatment would suggest that this feeding method may be beneficial for rumen fermentation patterns. However, when considering the meal data for the concentrate and hay separately, we see that these heifers were consuming their daily concentrate allocation in 2.0 meals/d as compared with 9.7 meals/d of hay. The size of these concentrate meals were also larger. Given the feeding behaviour results we can hypothesize that heifers may experience large post-prandial drops in rumen pH when fed concentrate and forage components separately, and possibly also with top-dressing. 


Overall, these results show that the provision of grain concentrate and hay as a choice results in young dairy heifers rapidly consuming the grain concentrate portion of their ration in very few, large meals prior to consuming the hay portion of their ration. Similar feeding patterns occurred when heifers had their grain concentrate top dressed on the hay. Alternatively, providing feed components as a TMR increased the distribution of DMI over the course of the day and reduced the amount of sorting. As result, the provision of a TMR to growing dairy heifers should promote a more balanced intake of nutrients across the day. 

Objective 2: To determine the long-term effects of providing feed as a TMR or as separate components on the feeding behaviour, diet selection behaviour, growth, and feed efficiency of growing heifers.

This objective was addressed in Part 1 of Experiment 2 conducted at the University of Guelph, Kemptville Campus Dairy Education and Research Centre. In this experiment, 32 Holstein heifers (146.2 ± 21.9 d of age) were divided into 8 groups of 4 and exposed to 1 of 2 feed delivery treatments for 13 wks. The treatment rations contained 65% grass/alfalfa haylage and 35% textured concentrate (on a DM basis) fed either as a: 1) TMR or 2) top-dressed ration (TDR). There was a peak in feeding activity immediately following feed delivery by heifers on both treatments. Daily feeding time was similar between treatments (210.0 min/d), as was daily lying time. We found that heifers fed the TDR spent over 60% more time at the feed bunk during the 2h period of peak feeding activity following feed delivery. This translated into there being 15% more heifers, on average, at the feed bunk during this time period.  Heifers fed the TDR exhibited over twice the number of displacements at the feed bunk per day compared to those fed the TM. This translated into heifers fed the TDR being displaced over three times more than heifers fed the TMR during the period of peak feeding activity. In fact, heifers fed the TDR performed a greater percentage (37%) of their daily displacements during this time period than heifers fed the TMR (22%). This finding provides further evidence that access to the concentrate component of the ration was increasing the competition level in the pen. It is likely that the heifers fed the TDR would be consuming large grain meals immediately following feed delivery and fewer overall meals throughout the day. 

It is important to note that, although there was no difference in DMI (7.3 kg/d), there were differences in diet selection between treatments, suggesting that heifers were consuming different proportions of nutrients. Heifers fed the TDR sorted against long forage particles to a greater extent than heifers fed the TMR for the much of the length of the experiment (98.9 vs. 96.0%). As a result, the amount of neutral detergent fibre (NDF) consumed was less for those heifers fed the TDR (4.77 vs. 4.91 kg/d). Overall, heifers fed the TDR consumed the short ration particles to a greater extent than those fed the TMR. Given that the short fraction of the ration consisted mainly of the concentrate component, this provides further evidence that top dressing increased the accessibility of that fraction of the ration. The slug-feeding pattern seen following feed delivery as well as the greater selection against the long forage particles and increased consumption of the concentrate portion of the ration by the heifers fed the TDR may result in problems with rumen fermentation, as such feeding patterns have been related to reduced rumen pH in adult dairy cattle. The difference in sorting between treatments disappeared by the end of the experiment. This acclimation is of particular interest, as it suggests that the heifers may have adjusted their sorting patterns over time, while remaining consistent in their feeding patterns. This would suggest that feeding patterns developed early on are more likely to be retained, while sorting patterns are more flexible over time. 
As heifers fed the TDR competed more for feed, spent more time feeding immediately following feed delivery, selected against longer forage particles and consumed shorter concentrate particles to a greater extent, and had lower NDF intake, it is not surprising that these heifers also had looser stool, as indicated by lower fecal scores throughout the experiment. Heifers fed the TDR may have experienced an increase in rumen osmolality following the rapid consumption of starch and greater refusal of effective fiber and, thus, increased water movement into the rumen, resulting in diarrhea. Despite this apparent health affect, there was also no difference in ADG between treatments.

Overall, the results demonstrated that feed delivery method affects the feeding, sorting, and competitive behaviour of growing dairy heifers. Heifers fed the TDR consumed less NDF, showed greater feed bunk competition, and displayed more liquid fecal consistency. Feeding a TMR to replacement dairy heifers promoted a more even diurnal feeding pattern, minimized sorting and competitive behaviour, and resulted in more solid fecal consistency. 

Objective 3: To determine how long-term exposure to various feed presentation types influences the diet selection behaviour of growing heifers when they are switched to a novel diet and if this behaviour changes over time as they acclimate to the new diet.


To address this objective, following the feeding period in Part 1 of Experiment 2, all heifers were switched, for Part 2, to an unfamiliar TMR containing 56.1% grass/alfalfa haylage, 21.0% corn silage, 21.0% high-moisture corn, and 1.9% mineral supplement (DM basis) for 7 weeks. We found that heifers previously fed a TMR distributed their feeding time more evenly throughout the day, while heifers previously fed a TDR showed a greater peak in feeding activity following feed delivery. Similar to the first part of the, heifers previously fed the TDR continued to spend over 60% more time at the feed bunk during peak feeding activity, which translated to 12% more heifers present at the feed bunk. In fact, the diurnal feeding pattern for all heifers was very similar to that seen during the first 13 weeks of the experiment, when animals were fed using different feeding methods. It can, therefore, be concluded that the animals had learned to feed in a particular pattern during the first 13 weeks, and that these animals retained that pattern across the ration change. Furthermore, these feeding patterns persisted through the 7 weeks of the experiment, suggesting that the heifers then learned from and became conditioned to the feeding experience, and, as a result, continued to utilize these feeding patterns when switched to an unfamiliar ration. 

We also found that the heifers previously fed the TMR competed less for their feed. This translated into these heifers being displaced 40% more often than heifers fed the TMR during the period of peak feeding activity. Additionally, heifers previously fed the TDR performed a greater percentage of their daily displacements (35%) during this time period than heifers that had been fed the TMR (24%). These results are similar to that seen when heifers were fed using different feeding methods. The competition seen in heifers fed the TDR during the first 13 weeks would have resulted in occasional rewards of larger amounts of concentrate (since the concentrate component was more readily available than in the TMR) when interactions were successful. As such, this competitive behaviour would be intermittently reinforced and this may offer further explanation as to why the behaviour did not extinguish across the ration change and became habitual. Heifers that had previously been fed the TDR continued to exhibit lower, loose fecal scores throughout the course of the experiment compared to heifers that had been fed the TMR. These fecal scores were similar to that observed during the first part of the experiment. Heifers that had been consuming a TMR from a young age, conversely, demonstrated a more balanced feeding pattern throughout the day and had more normal fecal consistency. The continuation of this through the ration change indicates that these animals were conditioned to this feeding pattern. The sorting behaviour of the heifers was similar between treatment groups after the dietary change. It was expected that heifers previously fed the TDR would actively sort for the short particle fraction of the ration, as this fraction primarily contained the concentrate component of the ration, something that these animals had previously sorted and competed heavily for during the period of peak feeding activity. Alternatively, given that the difference in sorting between feeding methods had disappeared by the final week of the first 13 weeks of the experiment, it may not be surprising that the sorting behaviour was similar for all heifers when changed to the new ration. There also was no difference in DMI or ADG between treatments. 

It was concluded from this study that long-term exposure to feeding methods affected the learning of feeding and competitive behaviour in growing dairy heifers. The diurnal feeding activity pattern, increased feed bunk competition, and less solid fecal consistency suggest that heifers that had been fed a TDR had developed undesirable and possibly detrimental behavioural patterns. Alternatively, it can be concluded that feeding a TMR from a young age to replacement dairy heifers results in long-term behavioural patterns that promote a more even diurnal feeding pattern, minimize feed bunk competition, and promote a more solid fecal consistency, thus improving the overall welfare of these animals.

5.
Highlights of Results 


Similar feeding patterns occurred when heifers were provided with grain concentrate and hay as a choice or when the grain concentrate was top dressed on the hay. In either case the heifers rapidly consumed the grain concentrate portion of their ration in very few, large meals prior to consuming the hay portion of their ration. Such feeding patterns may result in certain heifers consuming more concentrate than intended, even in situations where a fixed amount of concentrate per animal is provided.


Provision of feed components as a total mixed ration (TMR) to dairy heifers increases the distribution of DMI over the course of the day, in more frequent, smaller meals, and reduced the amount of sorting (selective consumption) by the heifers. Such feeding patterns promote a more balanced intake of nutrients across the day, and thus promote healthier rumen fermentation patterns.


We found that heifers fed a TMR from a young age were able to more evenly distribute their feeding activity throughout the day and compete less for feed than heifers fed a top dressed ration. The persistence of these patterns across a ration change to an unfamiliar TMR, suggests that learning of these behavioural patterns had occurred. The persistence of these behaviours into maturity may help prevent other feeding-related or associated problems from developing the animals enter the lactating herd. These results are some of the first to demonstrate a relationship between early feeding experiences and learning of behavioural patterns of dairy cattle in an intensive farming situation.  

6.   
Significance to Ontario Agriculture and Food Industries and/or Rural Ontario 

The knowledge gained from this study provides valuable insight to dairy producers how to best manage the feeding of their young dairy animals to improve efficiency, growth, health, and welfare. Particularly, these practices and the resultant behavioural effects may not only have immediate benefits on rumen health, but the persistence of these behaviours into maturity may help prevent other feeding-related or associated problems from developing (i.e. acidosis, lameness, or metabolic disorders) when the animals enter the lactating herd. The potential economic impact of this is large for the dairy producers, given the high incidence of these diseases and the associated costs of these diseases.  

One of the key outcomes of this project is the maintenance the health and welfare of dairy cattle through the identified feeding management practices. This outcome is extremely important given that the health and welfare of animals is of increasing concern to the public, and this concern is beginning to affect choices by consumers of the products of animal agriculture. Our results contribute to practices that improve the welfare of these animals, and, thus, would help promote consumer confidence in the Ontario dairy sector.

7.  
Contributions to Education, Training and Technology Transfer 
Education and Training 
To date, this project has provided opportunity for the education and training of two MSc graduate students. Both students provided technical assistance (in the data collection and sample analysis) for Experiment 1. One of the students was completely involved with the planning, set-up and execution Experiment 2; this formed the basis for the MSc thesis of this student, which was successfully defended at the end of February 2010. In addition to this graduate student, the project has also contributed to the education and training of four undergraduate students, who have participated in the project to date, participating in sample analyses from Experiment 1, as well as the planning, set-up, and execution of Part 1and 2 of Experiment 2.

Technology Transfer
The first step in the transfer of the results, to ensure scientific validity, is the independent review of the research through the peer-review process. To date, this has been achieved through the publication of the manuscript associated with Experiment 1, the publication of the first manuscript associated with Experiment 2, and the second manuscript associated with Experiment 2 being accepted for publication and is currently in press. 

As the results of this research are directly applicable for use in the dairy industry, the other major step in technology transfer is to communicate these results directly to directly to producers and professionals in the dairy industry through user-orientated publications and presentations at local, national and international meetings of these groups of individuals. Examples of this include presenting results at the 2009 University of Guelph Dairy Research Communication & Extension Event (results will also be presented at the upcoming 2010 meeting) and the 2009 CSAS-ADSA-ASAS Joint Annual Meeting, Montreal, Quebec. At this latter meeting, results were presented in two submitted abstract presentations (one poster, one oral presentation) by a graduate student, and also in an invited symposium presentation given by the principal investigator. An invited review manuscript on dairy heifer nutritional behaviour has been written and accepted for publication in the Canadian Journal of Animal Science. A large portion of this review paper summarizes the results from this research project. 

Further, a SPARK article was also written on this research project, and featured in the May 2009 issue of the Milk Producer magazine. We plan to continue in this extension work, with an article, based on this research, planned to be written for the Milk Producer magazine.
8. 
Publications (U of G Faculty are noted in bold)

a) Published Peer‑reviewed publications 

DeVries, T. J. and M. A. G. von Keyserlingk. 2009. Feeding method affects the feeding behavior of growing dairy heifers. J. Dairy Sci. 92:1161-1168.
Greter, A. M.,  K. E. Leslie, G. J. Mason, B. W. McBride, and T. J. DeVries. 2010. Effect of feed delivery method on the behavior and growth of dairy heifers. J. Dairy Sci. 93:1668-1676.
b) In-press Peer‑reviewed publications 

Greter, A. M.,  K. E. Leslie, G. J. Mason, B. W. McBride, and T. J. DeVries. 2010. Feed delivery method affects the learning of feeding and competitive behavior in dairy heifers. J. Dairy Sci. in press.
DeVries, T. J. Invited review: Behaviour and its role in the nutritional management of the growing dairy heifer. Can. J. Anim. Sci. in press.

c)
Popular press articles 

Brown, L. (with contributions from T. DeVries) 2009. Picky eaters. Milk Producer. Volume 85, No. 5. Page 34. May 2009.
d)
Theses
Greter, A. M. 2010. Effect of feeding method on the learning of feeding behaviour in growing dairy heifers.  M.Sc. Thesis. University of Guelph.
e) Conferences Abstracts and Presentations
Greter, A. M.,  K. E. Leslie, G. J. Mason, B. W. McBride, and T. J. DeVries. 2009. Effect of feeding method on the learning of feeding behavior in dairy heifers. J. Dairy Sci. E-Suppl. 1 92:495.* 

*Oral presentation at the 2009 CSAS-ADSA-ASAS Joint Annual Meeting, Montreal, Quebec. 

Greter, A. M.,  K. E. Leslie, G. J. Mason, B. W. McBride, and T. J. DeVries. 2009. Effect of feeding method on the behavior and growth of dairy heifers. J. Dairy Sci. E-Suppl. 1 92:456-457.* 

*Poster presentation at the 2009 CSAS-ADSA-ASAS Joint Annual Meeting, Montreal, Quebec. 
9.
Pending Publications for Technology Transfer


d)
Popular press articles: An article based on this research will be submitted to the Milk Producer magazine in the next 4 months to be published under their research section.
10.
New Intellectual Properties 
n/a           
Final Reports must be received by Christine Taub, Office of Research, 1 Stone Road West, 2nd Floor, on or before Monday, May 31, 2010.





